Dyslipidaemia is a major risk factor for cardiovascular (CV) disease. Despite the widespread availability of effective lipid-lowering agents, an unacceptably large proportion of patients fail to attain their target low-density lipoprotein cholesterol (LDL-C) level in clinical practice. Reasons for this include undertreatment, poor adherence/persistence with therapy and failure to address non-LDL-C residual risk factors such as high levels of triglycerides, low high-density lipoprotein cholesterol (HDL-C) concentrations and raised apolipoprotein B : apolipoprotein A1 ratios. Pitavastatin is a novel, well-tolerated statin with a noninferior or superior lipid-lowering efficacy to comparable doses of atorvastatin, simvastatin, and pravastatin in a wide range of patients with hypercholesterolemia or combined dyslipidaemia. Compared with other statins, pitavastatin produces consistently greater increases in HDL-C levels that are sustained over the long term. In addition to pitavastatin's potent effects on lipid profiles, a number of pleiotropic benefits have been identified that may contribute to a reduction in residual cardiovascular risk in people with dyslipidaemia and could partly account for pitavastatin's ability to regress coronary plaques in patients with acute coronary syndrome. Pitavastatin's unique metabolic profile results in a high efficacy at low (14 mg) doses and minimal drug interactions with cytochrome CYP3A4 substrates, making it an excellent choice for people requiring multiple medications. Although future trials are required to assess the impact of pitavastatin treatment on CV morbidity and mortality, studies to date suggest that pitavastatin will play an important role in the future management of dyslipidaemia and in the overall reduction of CV risk.
Introduction
Cardiovascular diseases (CVDs) are the most common causes of death, worldwide [World Health Organization (WHO), 2010] . According to the WHO, around 30% of the population (17.1 million people) died from CVD in 2004; of these, approximately 7.2 million were caused by coronary heart disease (CHD) and 5.7 million were caused by stroke. Major risk factors for CVD include dyslipidaemia, smoking, hypertension, diabetes, increasing age and obesity [O'Donnell et al. 2010; Graham et al. 2007; Grundy et al. 2004; Yusuf et al. 2004 ; National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III), 2002] . As the global population ages and the incidence of obesity and diabetes continues to escalate, the annual number of deaths from CVD is set to rise. The WHO estimates that, by 2030, 23.6 million people will die from CVD every year [WHO, 2010] . The effective management of modifiable cardiovascular (CV) risk factors through lifestyle changes and pharmaceutical treatment is therefore essential if the incidence of CVD morbidity and mortality is to be reduced.
Of the nine common risk factors for CVD, dyslipidaemia is one of the most significant, accounting for 50% of the population-attributable risk for myocardial infarction (MI) [Yusuf et al. 2004] , and 25% of the population-attributable risk for stroke [O'Donnell et al. 2010] . Numerous clinical studies show that statins can significantly lower low-density lipoprotein cholesterol (LDL-C) and reduce the risk of CV morbidity and mortality, with no lower limit beyond which lipid lowering is not beneficial [Baigent et al. 2005; LaRosa et al. 2005; Sever et al. 2003 ; ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group, 2002; Heart Protection Study Collaborative Group, 2002;  Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID) Study Group, 1998; Shepherd et al. 1995; Scandinavian Simvastatin Survival Study Group, 1994] . In a meta-analysis of data from 90,056 individuals in 14 randomized trials, mean reductions in LDL-C after 1 year of statin treatment ranged from 0.35 to 1.77 mmol/l (mean 1.09) [Baigent et al. 2005] . In this analysis, each mmol/l reduction in LDL-C was associated with a 12% reduction in all-cause mortality, a 19% reduction in coronary mortality [0.81, 95% confidence interval (CI) 0.760.85; p < 0.0001), and a 21% reduction in the total risk of major vascular events (0.79, 95% CI 0.770.81; p < 0.0001).
Given the relationship between lipid lowering and CV risk, current treatment guidelines recommend lowering LDL-C to less than 100 mg/dl in high-risk patients and to less than 7080 mg/dl in those with very high CV risk (CVD plus diabetes, smoking, poorly controlled hypertension, metabolic syndrome, or previous MI) [Graham et al. 2007; Grundy et al. 2004; NCEP Adult Treatment Panel III, 2002] . Although the use of lipid-lowering therapy has become more successful over the past decade, LDL-C target attainment rates generally remain low, ranging from 47% to 84%, worldwide [Kotseva et al. 2009; Waters et al. 2009] . A patient's ability to attain LDL-C targets can arise from pharmacogenomic factors, such as genetic variations in organic anion-transporting polypeptide (OATP) transporters [Couvert et al. 2008; Igel et al. 2006; Thompson et al. 2005] , LDL receptors [Polisecki et al. 2008] , multidrug resistance (MDR)1 transporter [Mega et al. 2009] , apolipoprotein E (apoE) [Mega et al. 2009 ], breast cancer resistance protein (BCRP) [Bailey et al. 2010 ] and 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase [Chasman, 2004] . However, more common reasons include failure to attain LDL-C targets, which has largely been attributed to underdosing/failure to uptitrate dosages where necessary and poor compliance/persistence with treatment [Shalev et al. 2009; Meade, 2007] . Although these factors could be improved by better physician/patient education and more frequent follow-up visits, increasing demands on physician's time and insufficient funding mean this is not always possible. In the absence of regular follow-up visits, adequate dosing and good compliance/persistence rates largely depend on the safety, tolerability and efficacy of the starting dose [Meade, 2007] . It therefore follows that LDL-C target attainment rates can potentially be improved by a greater use of high-efficacy statins as first-line treatments.
Despite the widespread availability of effective statins, patients at high CV risk frequently require additional lipid-lowering agents, such as ezetimibe, niacin, and bile acid sequestrants to attain their recommended LDL-C targets. Furthermore, risk factors for CVD frequently coexist, which means patients with dyslipidaemia often require multiple medications for conditions such as hypertension, diabetes, and renal disease. The need for polypharmacy is confounded by the correlation between CV risk and increasing age; 7580% of people aged 80 years and over have atherosclerosis [Packard et al. 2005] and two thirds of first major CV events occur in people aged 65 years and over [NCEP Adult Treatment Panel III, 2002] . Given that most patients with dyslipidaemia are likely to require some degree of polypharmacy, there is a clear need for statins with a low drugdrug interaction potential.
Patients that are fully adherent to statin treatment can attain an LDL-C reduction of at least 1.5 mmol/l [Baigent et al. 2005 ]. However, even in this group of patients, the risk of major vascular events is only reduced by around one third, which leaves a substantial residual risk that can partly be attributed to overall lipid profile [Sharma et al. 2009 ]. Based on reports from a number of studies [Ridker et al. 2010; Ray et al. 2009; Miller et al. 2008; Barter et al. 2007; Gordon et al. 1977] the NCEP Adult Treatment Panel III guideline states that low high-density lipoprotein cholesterol (HDL-C) and high triglycerides (TGs) are significant and independent risk factors for CHD [NCEP Adult Treatment Panel III, 2002] . It is therefore important that treatment strategies for dyslipidaemia should target non-LDL-C risk factors, such as TGs, HDL-C, and apoB : apoA1 ratios as well as LDL-C. Although the most commonly used high-efficacy statins (atorvastatin, simvastatin, pravastatin, fluvastatin, and rosuvastatin) have comparable LDL-C lowering efficacy, it is becoming increasing clear that some statins have greater pleiotropic benefits than others. In some cases, these include anti-inflammatory effects, benefits on endothelial function, and inhibition of smooth muscle cell proliferation that can potentially lead to coronary plaque stabilization and even regression Barter et al. 2007; Crouse et al. 2007; Nissen et al. 2006 Nissen et al. , 2004 de Lemos et al. 2004; Pasterkamp et al. 1999; Giroud et al. 1992; Little, 1990] . In this review, we examine the role for pitavastatin in the treatment of a wide range of patients with dyslipidaemia; we compare its lipid-lowering efficacy with that of other statins and discuss the pleiotropic benefits that could potentially lead to the reduction of residual CV risk.
Pitavastatin: structure, mechanism of action and pharmacokinetic profile Pitavastatin was launched by Kowa in Japan (September 2003) for the treatment of hypercholesterolemia and familial hypercholesterolemia. Regulatory approval followed in Korea (June 2008), Thailand (June 2008), the USA and China (August 2009) and the drug is currently under evaluation in Europe.
Pitavastatin is a synthetic HMG-CoA reductase inhibitor with heptenoate as the basic structure, a quinoline ring at the core and novel fluorophenyl and cyclopropyl side chains [Yamazaki et al. 2004] . In vitro studies show that, compared with other statins, pitavastatin has a greater HMG-CoA reductase inhibitor activity, induces greater LDL receptor expression and LDL uptake, and more effectively inhibits very-lowdensity lipoprotein (VLDL) secretion from HepG2 cells [Ose et al. 2010; Saito, 2009; Yamazaki et al. 2004; Morikawa et al. 2000; Aoki et al. 1997] . Other in vitro studies show that pitavastatin stimulates secretion of apoA1 more strongly than atorvastatin, and simvastatin promotes ATP-binding cassette transporter A1 (ABCA1) expression in HepG2 cells and facilitates HDL neogenesis by apoA1-dependent cholesterol efflux in hepatocytes [Ose et al. 2010; Suzuki et al. 2001] .
Although a statin's ability to inhibit HMG-CoA reductase is largely independent of its physicochemical properties, some of these properties can affect the ways in which statins are transported, distributed, metabolized, and eliminated [Ose et al. 2010; Shitara and Sugiyama, 2006] . Unlike other statins, the cyclopropyl group on the pitavastatin molecule appears to divert the drug away from metabolism by cytochrome P450 (CYP) 3A4 and allows only a small degree of clinically insignificant metabolism by CYP2C9 [Ose et al. 2010; Saito, 2009; Nakaya et al. 2001; Fujino et al. 1999] . As a result, pitavastatin is minimally metabolized; most of the bioavailable fraction of an oral dose is excreted unchanged in the bile and is then ready for entero-hepatic recirculation by reabsorption in the small bowel (Table 1 ). In contrast, lovastatin, simvastatin and atorvastatin are predominantly metabolized in the liver by CYP3A4, whereas fluvastatin, pravastatin and rosuvastatin are metabolized by CYP2C9 [Ose et al. 2010; Saito, 2009; Mukhtar et al. 2005; Fujino et al. 2004 Fujino et al. , 2003 ]. Pitavastatin's lack of metabolism in the gut wall and the liver probably account for its high bioavailability, which at 5160% is high compared with other statins (<5% for lovastatin and simvastatin, 12% for atorvastatin, 17% for pravastatin, 1035% for fluvastatin, 20% for rosuvastatin and 60% for cerivastatin) [Pitavastatin Prescribing Information, 2010 , 2007 Mukhtar et al. 2005] .
Given its unique metabolic profile, pitavastatin has a lower potential for drugdrug interactions than other statins and provides a useful advantage for the large group of dyslipidaemic patients that require multiple medications. A detailed review of pitavastatindrug interactions was published by Ose and colleagues [Ose et al. 2010] . Briefly, no significant pharmacokinetic interactions have been reported with bezafibrate or ezetimibe and the minimal interactions with fenofibrate and gemfibrozil are not considered to be clinically significant [Mathew et al. 2004] . No pharmacokinetic interactions have been reported for digoxin [Neuvonen et al. 2006] or warfarin [Inagaki et al. 2009] , and although the concomitant use of ciclosporin and pitavastatin is associated with a 4.6-fold increase in pitavastatin exposure [Hasunuma et al. 2003 ], the contraindication is largely due to lack of safety data in patients receiving combination therapy. Importantly, the interaction is less marked than that between ciclosporin and atorvastatin (8.7-fold increase) or rosuvastatin (7-fold increase), the concomitant use of which is either contraindicated (atorvastatin) or restricted (rosuvastatin).
Dosage
The LDL-C lowering efficacy of statins increases in a dose-dependent manner; however, the dosage is also inversely proportional to drug safety and tolerability [Jacobson, 2006] . It therefore follows that the use of low-dose, highefficacy agents has the potential to improve LDL-C target attainment rates by reducing the risk of undertreatment and by improving persistence rates through the minimization of adverse events. To simplify treatment choices, statins are classified into 'strong' and 'weak' categories in Japan [Hayashi et al. 2007 ]. The 'strong statins' include atorvastatin, rosuvastatin and, more recently, pitavastatin [Saito, 2009] .
In a 12-week dose-finding study in Japanese patients with hypercholesterolemia, the LDL-C lowering effect of pitavastatin was 34% (n ¼ 81) with pitavastatin 1 mg, 42% (n ¼ 75) with 2 mg, and 47% (n ¼ 76) with 4 mg [Saito et al. 2002] . This compares to 37%, 42%, and 47% with atorvastatin 10 mg, 20 mg and 40 mg and 28%, 35%, and 39% with simvastatin 10 mg, 20 mg and 40 mg [Mukhtar et al. 2005 ]. Based on this and similar studies, the usual starting dose of pitavastatin is 1 mg once daily, adjusted at 4-weekly intervals to a maximum dose of 4 mg, according to LDL-C levels [Pitavastatin Prescribing Information, 2007] .
Lipid-lowering efficacy of pitavastatin in patients with hypercholesterolemia and mixed dyslipidaemia An increasing number of studies have shown that standard doses of pitavastatin have a comparable lipid-lowering efficacy to well established statins in a wide range of patients with primary hypercholesterolemia or combined dyslipidaemia (Figures 13) [Hounslow et al. 2010; Watson 2010; Ose et al. 2010 Ose et al. , 2009 Budinski et al. 2009; Stender and Hounslow, 2009; Kurihara et al. 2008; Yokote et al. 2008] . In a pivotal phase III study, 821 Caucasian patients with primary hypercholesterolemia or combined dyslipidaemia underwent a 6-to 8-week dietary leadin period before being randomized to one of four treatment regimens for 12 weeks ]. Two groups received once-daily pitavastatin 2 mg or atorvastatin 10 mg and two groups received the same treatment for 4 weeks followed by forced titration to pitavastatin 4 mg or atorvastatin 20 mg. After 12 weeks, pitavastatin produced a noninferior reduction from baseline in LDL-C and total cholesterol (TC) concentrations compared with atorvastatin ( Figure 1 ). The mean reduction in LDL-C was 37.9% and 37.8% for pitavastatin 2 mg and atorvastatin Table 1 . Long-term treatment with pitavastatin is well tolerated in subgroups of patients with primary hypercholesterolemia or combined dyslipidaemia (phase III extension studies).
Pitavastatin 4 mg/day for 52 weeks (n ¼ 1353) [Ose et al. 2010 ] N (%) Pitavastatin 4 mg/day for 44 weeks (n ¼ 121) [Hounslow et al. 2010 ] N (%) Pitavastatin 2 mg/day for 60 weeks (n ¼ 537) [Stender and Hounslow, 2009 ] N (%) Pitavastatin 4 mg/day* for 60 weeks (n ¼ 95) [Stender and Hounslow, 2009 10 mg respectively and 44.6% and 43.5% for pitavastatin 4 mg and atorvastatin 20 mg respectively. Pitavastatin and atorvastatin were not significantly different in terms of changes in non-HDL-C, TG, apoB or apoA1. Most patients reached NCEP LDL-C targets (pitavastatin 4 mg, 77.9%; atorvastatin 20 mg, 70.6%; pitavastatin 2 mg, 56.8%; atorvastatin 10 mg, 65.7%) and European Atherosclerosis Society (EAS) LDL-C targets (pitavastatin 4 mg, 78.5%; atorvastatin 20 mg, 76.5%; pitavastatin 2 mg, 56.8%; atorvastatin 10 mg, 59.8%), with no significant difference between treatment groups. HDL-C levels increased from baseline by 4% and 5% with pitavastatin 2 mg and 4 mg respectively compared with 3% and 2.5% with atorvastatin 10 mg and 20 mg respectively ( Figure 1 ).
Similar results were reported by the Collaborative study on Hypercholesterolemia drug Intervention and their Benefits for Atherosclerosis prevention (CHIBA) study [Yokote et al. 2008] . In this phase IV Japanese trial, patients with TC 220 mg/dl were randomized to receive once-daily pitavastatin 2 mg (n ¼ 126) or atorvastatin 10 mg (n ¼ 125) for 12 weeks. The percentage change from baseline in non-HDL-C level (the primary endpoint) was 39.0% with pitavastatin versus 40.3% with atorvastatin (p ¼ 0.456). Both pitavastatin and atorvastatin significantly reduced LDL-C by 42.6% and 44.1%, TC by 29.7% and 31.1%, and TG by 17.3% and 10.7% respectively (p ¼ NS between treatments). HDL-C showed a significant increase at 12 weeks with pitavastatin (3.2%, p ¼ 0.033 versus baseline) but not with atorvastatin (1.7%, p ¼ 0.221 versus baseline).
A second pivotal phase III study comparing oncedaily pitavastatin 24 mg with simvastatin 2040 mg in 857 Caucasian patients with primary hypercholesterolemia or combined dyslipidaemia showed that, compared with simvastatin 20 mg, pitavastatin 2 mg produced significantly greater reductions in LDL-C (35% versus 39% respectively; p ¼ 0.014), non-HDL-C (p ¼ 0.021) and TC (p ¼ 0.041) ( Figure 2 ) [Ose et al. 2009 ]. Furthermore, a significantly greater proportion of patients treated with pitavastatin 2 mg achieved the EAS LDL-C target than did those receiving simvastatin 20 mg (59.6% versus 48.6%; p ¼ 0.049). For the higher dose comparison (pitavastatin 4 mg versus simvastatin 40 mg), the reductions in LDL-C concentrations were similar (44.0% and 42.8% respectively; Figure 2 ). Moreover, HDL-C concentrations were significantly increased from baseline by a similar extent by both treatments (6.0% and 6.2% with pitavastatin 2 mg and 4 mg respectively; 5.0% and 6.8% with simvastatin 20 mg and 40 mg respectively).
Of the patients who completed the two phase III studies, 1353 patients elected to receive openlabel pitavastatin 4 mg/day for up to 52 weeks [Ose et al. 2010] . The proportion of patients achieving NCEP and EAS LDL-C targets at week 12 was sustained over the long term, with 74.0% and 73.5% of patients respectively achieving their targets at week 52. Changes in efficacy parameters [LDL-C, TGs, TC, non-HDL-C, apoA1 and apoB, high-sensitivity C-reactive protein (CRP), oxidized LDL) and ratios (TC : HDL-C, non-HDL-C : HDL-C and apoB : apoA1) were also sustained over 52 weeks ( Figure 3 ). However, HDL-C levels rose continually, ultimately increasing by 14.3% compared with the initial baseline.
Overall, phase III and IV studies showed that pitavastatin has a similar LDL-C lowering efficacy to atorvastatin and simvastatin in Japanese and Caucasian patients with hypercholesterolemia or combined dyslipidaemia but pitavastatin has additional benefits for the long-term elevation of HDL-C.
Lipid-lowering efficacy of pitavastatin in patients with primary hypercholesterolemia or combined dyslipidaemia and high CV risk To assess the lipid-lowering effects of pitavastatin in 'difficult-to-treat' patients with dyslipidaemia and high CV risk, a double-blind, parallel-group phase III noninferiority study was carried out comparing once daily pitavastatin 24 mg with simvastatin 1020 mg in 355 patients with primary hypercholesterolemia or combined dyslipidaemia and at least two additional CHD risk factors [Hounslow et al. 2010] . In this study, 12 weeks of treatment with pitavastatin 4 mg was noninferior to simvastatin 40 mg for reducing LDL-C (44.0% versus 43.8%; p ¼ NS); however, pitavastatin produced a significantly greater reduction in TGs (19.8% versus 14.8%; p ¼ 0.044) and a numerically greater increase in HDL-C (6.8% versus 4.5%; p ¼ 0.083). Changes from baseline in non-HDL-C, apoB and apoA1 were similar in both treatment groups, as were the percentages of patients that achieved NCEP/EAS LDL-C targets (>80% for both).
Continuing from this study, 178 patients entered a double-blind, double dummy extension phase comparing the long-term effects of pitavastatin 4 mg with simvastatin 4080 mg [Hounslow et al. 2010] . After 44 weeks, pitavastatin 4 mg and simvastatin 4080 mg showed similar improvements from baseline in LDL-C (41.8% versus 41.4% respectively), TC, non-HDL-C, TGs, apoB and apoA1. HDL-C levels progressively increased with pitavastatin but were more variable with simvastatin; however, both groups showed a greater than 14% increase compared with the phase 1 baseline. NCEP and EAS targets were sustained over the long term, with a similarly high proportion of patients on pitavastatin 4 mg and simvastatin 4080 mg achieving both targets after 12 and 56 weeks. In all cases, titrating the comparator dose to 80 mg did not provide a significant efficacy advantage over pitavastatin 4 mg.
A comparison of pitavastatin with atorvastatin in high-risk Japanese patients with hypercholesterolemia and metabolic syndrome (N ¼ 53) showed that, after 12 weeks, LDL-C was reduced significantly more with pitavastatin 2 mg than with atorvastatin 10 mg (45.8% versus 39.1%; p ¼ 0.0495) [Yokote et al. 2008] . In this subgroup analysis of patients from the phase IV CHIBA study, there were no significant differences between pitavastatin and atorvastatin on TG or HDL-C levels, but pitavastatin significantly reduced TGs by 25.2% (p < 0.001) and increased HDL-C by 6.7% (p ¼ 0.019).
Overall, pitavastatin appears to be at least as effective as simvastatin and atorvastatin for reducing atherogenic lipids and increasing antiatherogenic HDL-C in patients with hypercholesterolemia and high CV risk.
Lipid-lowering efficacy of pitavastatin in patients with hypercholesterolemia or combined dyslipidaemia and glucose intolerance Type II diabetes increases the risk of CHD and stroke two-to four-fold, and may reduce life expectancy by five-to ten-years [American Diabetes Association, 2003 ]. In addition to hyperglycaemia, modifiable risk factors for CHD in people with diabetes include high LDL-C, low HDL-C, hypertension and smoking [UK Prospective Diabetes Study Group, 1998 ].
A phase III study examining the safety and efficacy of pitavastatin in Caucasian patients with type II diabetes and primary hypercholesterolemia or combined dyslipidaemia is due to report in 2011. In the meantime, the phase IV, multicenter, open-label, parallel-group PIAT study examined the effects of pitavastatin 2 mg versus atorvastatin 10 mg in 207 Japanese patients with an LDL-C level at least 140 mg/dl and glucose intolerance [Sasaki et al. 2006 ]. In this 52week study, increases in HDL-C (8.2% versus 2.9%; p ¼ 0.031) and apoA1 levels (5.1 versus 0.6; p ¼ 0.019) were significantly greater with pitavastatin than with atorvastatin. Although the reductions in LDL-C (40.1% versus 33.0%; p ¼ 0.002), non-HDL-C (37.4 versus 31.1; p ¼ 0.004), apoB (35.1 versus 28.2; p < 0.001), and apoE (28.1 versus 17.8; p < 0.001) were greater with atorvastatin than with pitavastatin, reductions compared with baseline were significant for both treatment groups and there were no significant differences between treatments with respect to glucose metabolism.
Lipid-lowering efficacy of pitavastatin in elderly patients with hypercholesterolemia or combined dyslipidaemia The risk of CVD increases with age [NCEP Adult Treatment Panel III, 2002] . A phase III noninferiority study comparing pitavastatin with low-dose pravastatin (1 mg versus 10 mg; 2 mg versus 20 mg; and 4 mg versus 40 mg) in 942 elderly patients (age >65 years) with primary hypercholesterolemia or combined dyslipidaemia showed that 12 weeks of treatment with pitavastatin was noninferior to pravastatin in reducing LDL-C at all dose comparisons (p < 0.001) and that the drug was well tolerated, irrespective of dose [Stender and Hounslow, 2009 ]. Moreover, improvements in LDL-C, TC, HDL-C, TGs, and apoB levels were significantly greater for pitavastatin versus pravastatin for most dose comparisons, with similar efficacy across all age groups (6569 years versus 7074 years versus 75 years). The proportion of patients that met the NCEP LDL-C target with pitavastatin and pravastatin were high: low doses, 83% versus 65%; medium doses, 89% versus 81%; and high doses, 91% versus 88%.
Of the volunteers that completed the 12-week study, 545 patients entered an open-label 60-week extension phase [Stender and Hounslow, 2009] . Patients that started therapy with pitavastatin 2 mg could be uptitrated to 4 mg if their LDL-C target was not met after 8 weeks. Only 17% of patients were uptitrated and less than 70% of these attained their target LDL-C level. Overall, the improvements in LDL-C, TC, TGs, non-HDL-C, apoB and apoA1 that were observed after 12 weeks were sustained after 60 week of treatment with pitavastatin 24 mg. As seen in the pivotal trials, an incremental increase in HDL-C with pitavastatin was observed during the extension phase (9.6% versus the initial baseline), suggesting a continued benefit for elderly patients remaining on pitavastatin. There was a numeric increase in the proportion of patients treated with pitavastatin achieving both NCEP and EAS LDL-C targets at 60 weeks versus 12 weeks, with 99% of patients attaining their NCEP target after 60 weeks. The results of this study suggest that pitavastatin is more effective than pravastatin for the reduction of LDL-C levels and improvement of lipid profile in elderly patients with hypercholesterolemia or combined dyslipidaemia and that the benefits are sustained over the long term.
Efficacy of pitavastatin in clinical practice
Although clinical trials provide useful information on the safety and efficacy of drugs in specific patient populations, the results do not always reflect those observed in the real world [Foody et al. 2010 ]. The Japanese long-term prospective post-marketing surveillance LIVALO Effectiveness and Safety (LIVES) study was designed to assess the efficacy and safety of pitavastatin in clinical sp practice [Kurihara et al. 2008] . Of the 20,279 patients recruited, 18,031 were analyzed for drug effectiveness. After 104 weeks, pitavastatin was associated with significant reductions in serum LDL-C (29.1%) that largely occurred within 4 weeks of treatment initiation. In patients with abnormal TG and HDL-C levels at baseline, pitavastatin reduced TGs and increased HDL-C by 22.7% and 19.9%, respectively. According to the Japan Atherosclerosis Society Guidelines for Diagnosis and Prevention of Atherosclerotic Cardiovascular Diseases [Teramoto et al. 2007 ], 88.2% of the primary prevention low-risk patients attained their LDL-C target compared with 82.7% of intermediate-risk patients, 66.5% of high-risk patients and 50.3% of secondary prevention patients. These rates are consistent with those from the phase III extension study in Caucasian patients with hypercholesterolemia or combined dyslipidaemia, in which 74.0% and 73.5% of patients achieved their NCEP and EAS LDL-C targets respectively at week 52 [Ose et al. 2009 ].
A subanalysis of LIVES data focussing on the effects of pitavastatin on HDL-C levels showed that HDL-C was elevated by 5.9% in all patients and by 24.6% in those with low (<40 mg/dl) HDL-C levels at baseline (p < 0.0001). A timecourse analysis showed that the elevation in HDL-C in the low HDL-C group was enhanced by 14.0% and 24.9% at 12 weeks and 104 weeks respectively. In contrast, previous studies have shown that other statins have inconsistent effects on HDL-C levels, with elevations ranging from 0% to 12% [Sviridov et al. 2007 ]. According to the LIVES subanalysis, pitavastatin produced a significant increase in HDL-C levels in patients switching from other statins, suggesting that patients with an unacceptably low level of HDL-C on other statins might benefit from switching to pitavastatin [Teramoto et al. 2009 ].
Effects of pitavastatin on estimated glomerular filtration rate in patients with chronic kidney disease Chronic kidney disease (CKD) is associated with an elevated risk of CVD and an increased risk of progression to end stage renal disease [Go et al. 2004] . In a subanalysis of LIVES data, 958 patients with hypercholesterolemia and baseline estimated glomerular filtration rate (eGFR) less than 60 ml/min/1.73 m 2 were analyzed to evaluate the effects of pitavastatin treatment on eGFR [Kimura et al. 2010] . A significant increase in eGFR (5.4 ml/min/1.73 m 2 ) was observed after 104 weeks of pitavastatin treatment (p < 0.001; one-sample t-test). Moreover, multivariate analysis showed that the degree of change was related to the presence/absence of proteinuria and the initial level of HDL-C. These results suggest that pitavastatin might be a useful treatment option for people with hypercholesterolemia and CKD. However, head-to-head studies are needed to test pitavastatin's efficacy versus other available statins in this patient group.
Safety and tolerability of pitavastatin in patients with hypercholesterolemia or combined dyslipidaemia Safety in phase III/IV clinical trials Phase III and IV clinical trials demonstrate that pitavastatin is well tolerated in a wide range of patients with hypercholesterolemia or combined dyslipidaemia (Table 2) , with similar safety profiles to comparable doses of atorvastatin, simvastatin and low-dose pravastatin [Hounslow et al. 2010; Ose et al. 2010 Ose et al. , 2009 Watson, 2010; Budinski et al. 2009; Stender and Hounslow, 2009; Kawashiri et al. 2008; Yokote and Saito 2008] . The most commonly reported system order class disorders in every patient population at every dose were infections and infestations, gastrointestinal disorders and musculoskeletal and connective tissue disorders. The incidence of myopathy, myositis or rhabdomyolysis was low for every patient population. During the 52-week open-label extension study in patients with hypercholesterolemia and mixed dyslipidaemia, only 4.1% of patients receiving the highest recommended dose of pitavastatin (4 mg) withdrew because of treatment emergent adverse events (TEAEs) ( Table 2) [Ose et al. 2010 ]. The investigators did not consider that any of the serious adverse events reported during this study were related to pitavastatin. No clinically significant abnormalities were associated with pitavastatin in routine laboratory variables, urinalysis, vital signs or 12-lead ECG. Increased creatine phosphokinase (2.74%), nasopharyngitis (5.4%) and myalgia (4.1%) were the most common TEAEs.
Safety in clinical practice
To assess the long-term safety and tolerability of pitavastatin in clinical practice, the postmarketing LIVES surveillance study analysed safety records from 19,925 Japanese patients with hypercholesterolemia [Kurihara et al. 2008] . During a 104-week follow up, 10.4% of pitavastatin-treated patients experienced adverse events, of which, approximately 84% were mild and only around 1% were severe. Increases in blood Plaque stabilisation Accumulation of macrophages# collagen" MMPs# [Suzuki et al. 2003] Thrombosis formation TF mRNA/protein expression# PAI-I mRNA expression/antigen secretion/activity# t-PA mRNA expression/antigen secretion" TM mRNA expression/cellular antigen/transcription rate" [Markle et al. 2003; Morikawa et al. 2002] Inflammatory markers CRP# [Motomura et al. 2009; Kibayashi et al. 2005; Hiraoka and Yoshida, 2003 ] PTX3# [Ohbayashi et al. 2009; Morikawa et al. 2004] CRP, C-reactive protein; eNOS, endothelial nitric oxide synthase; ET-1, endothelin-1; ICAM-1, intercellular adhesion molecule-1; IL-8, interleukin-8; MCP-1, monocyte chemoattractant protein-1; MMP, matrix metalloproteinases; NFkb, nuclear factor kappa beta; PAI-1, plasminogen activator inhibitor-1; PTX 3, pentraxin 3; SMC, smooth muscle cell; TF, tissue factor; TM, thrombomodulin; t-PA, tissue plasminogen activator.
creatine phosphokinase (2.74%), alanine aminotransferase (1.79%), myalgia (1.08%), aspartate aminotransferase and gamma-glutamyltransferase (1.00%) were the most common adverse events and only 7.4% of patients discontinued pitavastatin because of adverse events. Regression analysis demonstrated that age was not a significant factor for the incidence of any adverse event.
Safety in people with renal impairment It is well known that renal impairment is a risk factor for adverse events in patients receiving statin therapy. Treatment guidelines therefore recommend that clinicians should closely monitor all patients with moderate or severe renal disease who are treated with statins and suggest avoiding higher doses of statins when possible [Graham et al. 2007; Pitavastatin Prescribing Information, 2007; Grundy et al. 2004; NCEP Adult Treatment Panel III, 2002] . Consistent with these guidelines, an analysis of LIVES data from 720 patients treated with pitavastatin showed that higher rates of adverse events were reported in patients with renal disease than in those without (13.6% versus 10.3%; p ¼ 0.04) [Kurihara et al. 2008] . Most patients with a history of renal disease had moderate (43%) or severe (26%) renal impairment as judged by eGFR, and the majority of adverse events occurred in the first year of treatment.
Effects of pitavastatin on glucose metabolism
Several studies have reported adverse effects on glucose metabolism following statin treatment [Ridker et al. 2008; Sasaki et al. 2006; Colhoun et al. 2004; Sever et al. 2003 ]. However, the effects of pitavastatin on glucose metabolism, although not extensively tested, appear neutral [Yokote and Saito, 2009; Tamakawa et al. 2008; Kawai et al. 2005] . In one study, 12 weeks of treatment with pitavastatin 12 mg had no significant effect on fasting plasma glucose levels (8.20±2.71 to 8.27±2.10 mmol/l) or HbA1c levels (7.25±1.60 to 7.27±1.47%) in 79 statin treatment-naive patients with hypercholesterolemia and type II diabetes [Kawai et al. 2005] . Changes in AST, ALT, g-GTP, and CK levels were also not significant. Similarly, a retrospective analysis of glycemic control in 279 patients with hypercholesterolemia and type II diabetes receiving atorvastatin 10 mg, pitavastatin 2 mg, or pravastatin 10 mg for 3 months showed that glycaemic control remained the same in the pitavastatin and pravastatin groups but deteriorated in the atorvastatin group [Tamakawa et al. 2008] . In this study, nonfasting blood glucose levels increased from 147±51 mg/dl (mean±SD) to 176±69 mg/dl with atorvastatin (p < 0.001), but decreased from 155±53 to 154±51 mg/dl with pitavastatin and from 136±31 to 134±32 mg/dl with pravastatin (p ¼ NS for both). Respective changes in HbA1C were 7.0± 1.1% to 7.4±1.2% (p < 0.001), 7.3±1.0% to 7.2±1.0% (p ¼ NS), and 6.9±0.9% to 6.9± 1.0% (p ¼ NS).
Similar results were obtained by the glycemic control subanalysis of the 12-week CHIBA study [Yokote and Saito, 2009] . Here, serum glycoalbumin increased by 0.67±1.31% versus baseline in Japanese patients with hypercholesterolemia and type II diabetes treated with atorvastatin 10 mg (p ¼ 0.026), whereas there was no significant change in those treated with pitavastatin 2 mg. HbA1c levels tended to increase (p ¼ 0.098) with atorvastatin, but not with pitavastatin, and although there were no significant changes in fasting plasma glucose, insulin or the homeostasis model assessment ratio with pitavastatin or atorvastatin, all these parameters tended to decrease with pitavastatin. The ongoing Japan Prevention Trial of Diabetes by Pitavastatin in Patients with Impaired Glucose Tolerance (J-PREDICT) study has been designed to evaluate the effects of pitavastatin on the prevention of diabetes in people with impaired glucose tolerance (http://clinicaltrials.gov/ct2/ show/NCT00301392). The study is due to report in 2013.
Possible pleiotropic effects beyond lipid-lowering: plaque stabilization and regression
It is widely accepted that the incidence of secondary CV events can be significantly reduced by intensive statin therapy in patients with acute coronary syndrome (ACS). Although studies have yet to show that pitavastatin reduces CV risk, the Japan Assessment of Pitavastatin and Atorvastatin in Acute Coronary Syndrome (JAPAN-ACS) study showed that pitavastatin induces plaque regression in patients with ACS [Hiro et al. 2009 ]. In this multicenter, prospective, randomized, open-label, parallel-group study, the effects of 812 months of treatment with pitavastatin 4 mg/day were noninferior to those of atorvastatin 20 mg/day on coronary plaque regression in nonculprit lesions of the culprit vessel treated by percutaneous coronary intervention (16.9±13.9% versus 18.1±14.2%; p ¼ 0.5). Unlike other intravascular ultrasound studies in which the rate of atherosclerotic progression was inversely proportional to the level of LDL-C [Crouse et al. 2007; Nissen et al. 2006 Nissen et al. , 2004 multivariate analyses of the JAPAN-ACS data showed that plaque volume regression did not correlate with LDL-C levels in patients without diabetes. These data suggest more intensive LDL-C reduction is required to achieve a greater degree of plaque volume regression in patients with ACS and diabetes, and suggests the existence of both LDL-C-dependent and LDL-C-independent mechanisms for statin-induced plaque regression in Japanese patients with ACS.
Consistent with the results from this study, Suzuki and colleagues [Suzuki et al. 2003] showed that 16 weeks of pitavastatin treatment (0.5 mg/kg) in WHHL rabbits reduced plasma lipid levels and decreased the area of the aortic lesion by 38.6%. In this study, pitavastatin reduced the macrophage-positive area in the aortic plaque by 39.4%, increased the areas occupied by collagen and alpha-smooth muscle actin (SMA) by 66.4% and 91.7%, respectively, increased the average thickness of alpha-SMA in the plaque by 96.7% and reduced the vulnerability index by 76.0%. Other changes included reductions in the positive areas of monocyte chemoattractant protein-1 (39.1%), and in matrix metalloproteinase-3 (40.6%) and matrix metalloproteinase-9 (52.3%).
In addition to the pleiotropic effects demonstrated in rabbits, a number of in vitro studies have shown that pitavastatin inhibits CRPinduced interleukin-8 production by endothelial cells and reduces monocyte adhesion to endothelial cells [Kibayashi et al. 2005; Hiraoka et al. 2004] . Other effects include inhibition of plasminogen activator inihibitor-1 and tissue factor-mediated thrombosis formation [Markle et al. 2003 ], increased tissue plasminogen activator and thrombomodulin mRNA expression [Inoue et al. 2007; Morikawa et al. 2002] , and greater inhibition of vascular smooth muscle cell (SMC) proliferation than atorvastatin, simvastatin, fluvastatin, rosuvastatin, or pravastatin [Nakano and Egashira, 2009 ]. Together, these pleiotropic effects have the potential to improve the composition of vulnerable plaques and improve plaque stability, improve endothelial function, reduce monocyte activation, adhesion and migration, inhibit foam cell formation and cholesterol accumulation, inhibit thrombosis formation, and reduce inflammation [Saito, 2009] .
Considering the anti-inflammatory effects of pitavastatin in vitro, it is not surprising that pitavastatin is associated with decreased pentraxin 3 (PTX3) levels [Ohbayashi et al. 2009; Morikawa et al. 2004 ]. Since PTX3 is rapidly produced by vascular endothelial cells, SMCs, macrophages and neutrophils in response to inflammation, it is a useful marker for inflammation caused by conditions such as acute MI and unstable angina. Recently, Ohbayashi and colleagues [Ohbayashi et al. 2009 ] showed that pitavastatin reduces PTX3 expression in patients with higher baseline PTX3 levels and asymptomatic hypercholesterolemia and identified a relationship between PTX3 levels and several conventional clinical markers, including CRP and carotid artery intima-media thickness. This study is the first to demonstrate the preventative effects of pitavastatin against asymptomatic atherosclerosis in patients with hypercholesterolemia and suggests a possible new therapeutic strategy for limiting atherogenic inflammation prior to the development of atherosclerotic lesions.
Further evidence for the anti-inflammatory effects of pitavastatin derive from the Kansai Investigation of Statin for Hyperlipidemic Intervention in Metabolism and Endocrinology (KISHIMEN) study [Koshiyama et al. 2008 ]. Here, 178 Japanese patients with hypercholesterolemia including 103 (58%) with type 2 diabetes received pitavastatin 12 mg/day for 12 months. In addition to improving lipid profiles, pitavastatin significantly reduced serum CRP levels by 34.8% versus baseline (p < 0.01). Although there have been conflicting results on the efficacy of other statins on CRP-lowering in patients with diabetes [Economides et al. 2004; Sommeijer et al. 2004; Tan et al. 2002] , the KISHIMEN study [Koshiyama et al. 2008 ] and a more recent study by Motomura and colleagues [Motomura et al. 2009] showed that pitavastatin has a significant CRP-lowering effect in people with type II diabetes that is not related to reductions in lipid profile. Although the effects of pitavastatinmediated CRP lowering on CV morbidity and/or mortality have not yet been studied in clinical trials, a number of studies have shown that CRP reduction using other statins is associated with significant reductions in CV endpoints [Ridker et al. , 2005 de Lemos et al. 2004 ]. In the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) study, for example, rosuvastatin 20 mg/day reduced vascular events by 62% in healthy patients (N ¼ 17,809; baseline LDL-C < 130 mg/dl (3.4 mmol/l) and high-sensitivity CRP 2.0 mg/l) that attained a CRP lower than 2 mg/l after a median 1.9 years of treatment (event rate 0.42 per 100 person years; hazard ratio 0.38, 95% CI 0.260.56, p < 0.0001) .
Overall, studies have demonstrated that pitavastatin has a number of pleiotropic effects beyond lipid lowering that are likely to reduce residual CV risk in patients with dyslipidaemia and contribute to plaque stabilization/regression in patients with ACS. Although additional studies are required to assess the effects of pitavastatin on CV endpoints, current data suggest that pitavastatin is likely to play an important role in the future management of dyslipidaemia.
Conclusions
Despite the widespread availability of effective statins, an unacceptably large proportion of patients (4784%, worldwide) fail to attain their target LDL-C level in clinical practice [Kotseva et al. 2009; Waters et al. 2009 ]. Reasons for this include undertreatment and poor adherence/persistence with therapy, especially in the large group of patients with dyslipidaemia requiring multiple medications [Shalev et al. 2009; Meade, 2007] . It therefore follows that a high-efficacy, low-dose statin with a good safety profile and a low propensity for drugdrug interactions has the potential to improve LDL-C target attainment rates by minimizing the need for uptitration and reducing the risk of nonpersistence because of adverse events. Since residual CV risk remains high (around two thirds) even in patients that attain their LDL-C target [Baigent et al. 2005] , the most effective statins are those that modify lipid parameters, such as HDL-C, TC, TGs, and apoB : apoA1 ratios in addition to LDL-C, and have pleiotropic effects beyond lipid lowering.
Numerous studies have demonstrated that low doses of pitavastatin (1 mg, 2 mg and 4 mg) improve lipid profiles (Figures 13) and increase NCEP/EAS LDL-C target attainment rates with a similar efficacy to standard doses of atorvastatin, simvastatin, and pravastatin in patients with hypercholesterolemia or combined dyslipidaemia [Hounslow et al. 2010; Ose et al. 2010 Ose et al. , 2009 Watson, 2010; Budinski et al. 2009; Stender and Hounslow, 2009; Kurihara et al. 2008; Yokote and Saito, 2008] . Furthermore, pitavastatin is generally associated with a greater HDL-C elevating efficacy than atorvastatin, simvastatin or pravastatin that is consistently increased over the long term [Hounslow et al. 2010; Ose et al. 2010 Ose et al. , 2009 Watson, 2010; Budinski et al. 2009; Teramoto et al. 2009 Teramoto et al. , 2007 Stender and Hounslow, 2009; Kurihara et al. 2008; Yokote and Saito, 2008] . In addition to pitavastatin's potent effects on lipid profiles, a number of pleiotropic benefits have been identified that may contribute to a reduction in residual CV risk in people with dyslipidaemia and could partly account for pitavastatin's ability to regress coronary plaques in patients with ACS [Egashira, 2009; Hiro et al. 2009; Motomura et al. 2009; Nakano and Ohbayashi et al. 2009; Koshiyama et al. 2008; Inoue et al. 2007; Sagara et al. 2007; Kawakami et al. 2005; Kibayashi et al. 2005; Han et al. 2004; Hiraoka et al. 2004; Morikawa et al. 2004 Morikawa et al. , 2002 Hiraoka and Yoshida, 2003; Markle et al. 2003; Suzuki et al. 2003 ]. Importantly, the safety and tolerability profiles of pitavastatin 14 mg are similar to those of atorvastatin, pravastatin, and simvastatin at doses with comparable efficacy (Table 2) . Thus, although future trials are required to assess the impact of pitavastatin treatment on CV morbidity and mortality, studies to date suggest that pitavastatin will play an important role in the future management of dyslipidaemia and in the overall reduction of CV risk.
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